INTRODUCTION
Eq$ena gracilks Z, a photosynthetic flagellate, combines characteristics of both plant and animal cells (Kitaoka e t sl., 1989). E. gradis 2 requires cobalamin (Cbl) for growth (Watanabe et al., 1992) . It can take up and accumulate Cbl, which is converted into coenzymes 5'-deoxyadenosplc~balamin (AdoCblj and methylcobalarnin (lsegawa et a/., 1984) . Cbl uptake by Eq$ena mitochondria is shown to be a biphasic process, consisting of energyindependent Cbl-binding to the mitochondria1 membrane and energy-dependent active transport (Watanabe e t a/. , 1993a). The enzymes involved in the synthesis of AdoCbl are found only in the mitochondria (Watanabe e t ad., 1987a) . AdoCb1 synthesized in the mitochondria is the cofactor of ribonucleotide reductase (EC 1 .17.4 .2), which functions in DNA synthesis (Hamilton, 1974) . EggLena cells also contain methylco balamin-dependent methionine synthase (EC 2 . 1 .1.13) isozymes, which are located in the cytosol, chloroplasts and mitochondria (Isegawa etal., 1994) . The isozymes supply rnethionine for protein synthesis in the individual organelles.
Numerous non-enzymic Cbl-binding proteins are distributed in the mitochondria, microsomes, chloroplasts, cytosol, pellicle and culture broth of E . gradis 2. Some of them have been purified and characterized (Watanabe et a/., 1987b (Watanabe et a/., , c, 1988a . The Cbl-binding protein has an absolute requirement for the complete Cbl molecule with an a-axial ligand (the cobalt-coordinated nucleotide) and an intact 6-propionamide side-chain (Watanabe e t al., 1993a, b, c g 1-l ). This autotrophic medium was supplemented with 6-6 g, propionate 1-1 and the cells were subculrured several times ( > 5) under the same conditions to adapt them to propionate.
Crude enzyme preparation. Propionate-adapted and photoautotrophic Ezrglena cells were grown for 12 d at 27 "C with illumination in the Cramer-Myers medium with and without propionate (6.6 g 1-'>, respectively. The cells were washed twice with distilled water, suspended in 20 ml 10 mM potassium phosphate buffer, pH 7.0, containing 1 mM EDTA, disrupted by sonication (10 kHz, 20 s x 41, and centrifuged at 20 000 g for 30 min. The supernatant fraction was used as a crude enzyme.
Enzyme assay. M CM was spectrophotometrically assayed (Hitachi 200-10 spectrophotometer) by the succinylCoA transferase/p-hydroxyac)rl-CoA-dehydro~enas~-coupled method (Watanabe ed al., 19336) . Briefly, the assay mixture (0.5 ml) contained 10 mM potassium phosphate buffer, pH 7.0, 10 pM AdoCbl, 0.5 mM DL-methylmalonyl-CoA, 5 mM lithium acetoacetate, 0-15 rnM NADH, 0.1 unit succinyl-CoA transferase, 1.5 unit /?-hydroxyacyl-CoA dehydrogenase and crude enzyme. The components, except for m-methylmalonyl-CoA, were mixed in a 0-7 ml cuvette, and the remperature was equilibrated by incubation in a water-jacketed cuvette holder maintained at 30 "C. The reaction was started by addition of DLmethylmalonyl-CoA. MCM activity was calculated from the decrease in NADH concentration, measured by the change in A,,,. The activity of apo-MCM was calculated by subtracting activity in the absence of AdoCbl from that in the presence of AdoCbi. Results are expressed as nmol succinate formed min-' (mg protein)-' & SD of triplicate experiments.
Subcell ular fractionation. Propionate-adapted cells were centrifuged at 2000g for 10 min and washed twice with distilled water. The cells (31 g wet weight) were suspended in 50 ml 25 mM HEPES/KOH buffer, pH 7.0, containing 0-33 M mannitol and then disrupred by gently grinding with 30-40-mesh sea sand (5 g) for 10 min using a mortar and pestle. The suspension was filtered through a double layer of gauze to remove the sand and then Centrifuged at 2000g for 10 min to remove unbroken cells. The supernatant was subjected to differential centrifugation according to Tokunaga e t al.
(1 979).
The following marker enzyme activities were assayed by the methods described in the cited references : glutamate dehydro- The mitochondria and chloroplasts were further purified by a Percoll density gradient centrifugation (Watanabe e t al., 1487b ; Isegawa e t al., 1984) , and suspended in 2.0 ml 10 mM potassium phosphate buffer, p1-I 7-0, containing 100 mM potassium chloride and 1 mM EDTA. These organelles were disrupted by sonication (10 kHz, 10 s x 5) and used as samples for Toyopeart HW55 S gel-filtration experiments.
Gel-filtration experiments. The Mr of the EHglena MCM was determined by HPLC (Shimadzu LC-7A pump and SPD-7AV spectrophotometer, and a Hitachi Chromato-data processor D-2500) using a Toyopearl HW55S column (1.0 x 28.5 cm). The column was equilibrated with 10 mM potassium phosphate buffer, pH 7.0, containing 100 mM potassium chloride and 1 mM EDTA and eluted with the same buffer at a flow rate of 0.5 ml min-l. Fig, 1 shows activities of MCM and marker enzymes in the subcellular fractions from differential centrifugation of an homogenate of the propionate-adapted E. gmcilir 2.
Subcellular distribution of MCM
The enzyme activities were plotted as relative specific activity in each fraction versus percentage protein (Beaufay e t al., 1964). Based upon the distribution of the marker enzymes succinate-semialdehyde dehydrogenase (mitoch ond r i a), rib ulo s e-bis p ho sp h a te car bo x y 1 as e / ox y gems e (chloroplasts), glucose-6-phosphatase (microsomes) and glutamate dehydrogenase (cytosol), these organelles were separated satisfactorily. MCM activity was predominantly located in the mitochondrial fraction (Fig. l) , which also had the highest specific activity [172*8 nmol min-I (mg protein)-']. When the mitochondrial and chloroplast fractions were purified by Percoll density gradient centrifugation, the specific activity of MCM increased about twdold in the Percoll-purified mitochondrial fraction cytosolic fraction since washing the fraction with 10 mM HEPES/KOH buffer, pH 7.0, containing 0-25 M sucrose removed the activity. The cytosolic MCM activity u7as 103 % for glucose6:phosphatase (e; rnicrosomal marker also due to contamination of the soluble fraction by damaged mitochondria since a minor amount of succinatesemialdehyde dehydrogenase, a mitochondrial marker enzyme, was also recovered in the cptosolic fraction. These results indicate that EagLena MCM is enriched in the mitochondrial fraction ; it is identical in subcellular location to the mammalian MCM (Rosenberg & Fenton, 1989) .
MCM isozymes
Fig+ 2(a, b) shows the elution profile of MCM activity in control and propionate-adapted Et;gLena cells during Toyopearl HW55S gel filtration. The MChl activity of control cells eluted as a peak with an apparent M , of 72000, while that of the propionate-adapted cells eluted as two peaks with apparent M , values of 72 000 and 17 000 ; an identical elution profile for the MCM activity of the mitochondria fractionated from the propionate-adapted cells was obtained (Fig. 2c) 
